The criterion used for this fit was the compacted max-71 imum density (which reduced the possible influences of 72 different particle size). These were:
73
For RCA, the combination was 55% gravel and 45% 74 fine gravel.
75
For NA, the combination was 70% gravel and 30% 76 fine gravel. Table 2 shows the properties of the aggregate used. The 79 total porosity to water is the variable that shows the greatest 80 difference between the RCA and NA and, in the worst case, 81 reaches 2.82% for the NA and 14.86% for the fine gravel 82 fraction of the RCA. As regards density, the RCA is lighter 83 than the NA (with an average of 14% less in D s and 9% less 84 in D sss ) The RCA shows an increase in density, which is 85 directly proportional to the greater particle size. Finally, the 86 differences between dry and dry surface saturated conditions 87 are greater for the RCA than for the NA.
78

88
The RCA used in this study can be considered as being following criteria.
105
(1) The substitution of NA by RCA was done using equal and 77% gravel, in all cases with comparison after 24 h.
t1.1 Table 1 Mixtures used for OC t2.14 U n c o r r e c t e d P r o o f
ARTICLE IN PRESS
122
(3) The amount of water absorbed by the aggregate was 123 taken into account separately, in addition to its wetness 124 before mixing and the free water that formed part of the 125 mixture. The above aspect is justified by criteria that were 126 emphasized in a previous publication of the authors [17 -20] .
127
With the established mixing time and the required 128 amount of water, the order of mixing the materials guar-129 anteed (as far as possible) the immobility of the water and 130 an improvement in the transition zone. The following 131 sequence was adopted: (a) all of the coarse aggregates and 132 water were introduced into the mixer; (b) these were mixed 133 for 2 min; (c) the mixer was switched off for 3 min; (d) 134 stages (b) and (c) were repeated twice; (e) the cement was 135 introduced and mixed for 3 min; and (f) the sand was added 136 and mixed for another 3 min.
137
The mixes obtained using the above criteria are given in 138 Young's modulus shows its minimum value for r = 0.60,
182
closely followed by the value for r = 1.00. This property, t3.1 Table 3 Mixtures used for RC t3.14 t4.1 Table 4 Mechanical and physical properties of RC Table 4 ).
185
For the shrinkage and creep tests, the samples, after 186 28 days in a curing chamber (T = 20 ± 2°C and RH = 187 90 ± 5%), were submitted to a climatic chamber (T = 20°C 188 and RH = 50%) for 90 days. The specimens used for basic 189 shrinkage and creep measurement were sealed with paraffin 190 ( ± 0.03 m thick) and wrapped in three layers of aluminum 191 foil. 
218
The samples for tests at 7 and 28 days were dried by t5.14 The samples for the tests at 90 days, after 28 days in the 225 curing chamber, were put in the climatic chamber until the 226 age of 90 days. Upon arriving at this age, the samples were 227 extracted and dried by putting them in an oven at T = 120°C 228 for 24 h, and then in a drier.
229
The MIP tests were done on a Quantachrome Autoscan 230 33 porosimeter, which subjected the samples to a maximum 231 pressure of up to 226 MPa. The following parameter was 232 measured: the theoretical pore radius (r pt ), within the range 233 27 -59,000 Å (the Washburn equation was used for the 234 calculation). The process included the typical intrusion and 235 extrusion cycles in this type of test. Finally, to improve the 236 profile of the test curve, the sample results were filtered 237 using a moving average with Base 9.
238
The following constants and hypotheses were applied causes the dilatometer to expand, and the compression that V cs ¼ xy sample UV sample : ð3Þ 
285
The following sections present the results and analyses 286 derived from the MIP tests performed on the various 287 concretes in the study. 
294
It may be seen from the three graphs that the increase in 295 the r factor of the RCs shows a correlation with total 296 porosity, as the latter increases by 5.9% when r goes from 297 r = 0.00 to r = 1.00 at 7 days, 2.3% for 28 days and 3.8% for 298 90 days (taken from the three graphs as average values of 299 two tests for each variable).
300
It is also seen in Fig. 5 that the total porosity 301 decreases appreciably for all the concretes as a function 302 of age. The evolution of total porosity of these concretes 303 amounts to a decrease of 0.5% from 7 to 28 days with 304 the exception of r = 1.00, which shows a greater reduction 305 (3.0%). Total porosity drops by 0.42% on average upon 306 going from 28 to 90 days, the maximum standing at 307 r = 1.00 (1.9%).
308
It should be pointed out that the main difference in the 309 total porosity between the different RCs (r = 1.00 and the 310 rest of the concretes) is seen in the area with pore radius less 311 than 30 nm (the zone of maximum percentage of pore 312 volume in the concretes and originating in the cement 313 mortar). It is also in this zone that the decrease in porosity 314 with age is seen. The above pore range is commonly 315 associated with the power to damage the dimensional 316 stability and influence the mechanical properties of the 317 concretes [38] . 
335
(ii) Point maximum peak of the named curve of frequen-336 cies density dv/dp (cm 3 /MPa cm 3 ) VS pore radio (nm).
t6.1 Table 6 Critical radius for the different RCs Table 6 shows the critical pore radius calculated as 338 explained above. As is seen, the values in the tests are 339 approximately 36 -97 nm (with a population average of 340 60.46 nm), which locates these pores in the range of large 341 capillary or macropores (50 -10,000 nm); at this capillary 342 range, negative effects that can affect the strength and the 343 impermeability of a concrete can be attributed to the pore 344 size. However, the difference between the different r critical of 345 the concretes studied is negligible as the variation between 346 them is small. With respect to the two methods for its 347 determination, the most exact is critical pore radius; how-348 ever, Case (i,b) is of greater importance due to the ease with 349 which it determines r critical and the fact that it presents a mean 350 variation with respect to critical pore radius of only 15%. 
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366 not present a logical correlation with the age of the speci-367 mens, which maybe related to the fact that the samples were 368 submitted to two types of environmental conditions and two 369 drying processes. 370 371 2.5.3.4. Pore threshold. This name is given to the 372 maximum pore radius found (either in the intrusion or 373 extrusion stage) in the MIP test [39] . Fig. 7 shows the 374 maximum radius for the concretes studied.
375
Correlations for the three curves are fairly high. How-376 ever, the interpretation and usefulness of this parameter can 377 only serve as a guideline, as its determination involves a 378 high degree of uncertainty. 379 380 2.5.3.5. Average pore radius. Pore radius (r average ) is the 381 name given to the radius that corresponds to 50% of the 382 total volume of Hg intruded in the test. In Fig. 8 , the r average 383 calculated through the Lagrange interpolation of the two 384 nearest points to 50% of the total volume for each sample 385 is presented.
386
The presented behavior of r average is correlative with the 387 age of the samples, as well as with the r factor (in this last 388 case in smaller proportion). Table 7 shows the correlation equations for the total 400 porosity data and the physical properties of the RCs. The property that showed the best correlation for the behavior t7.1 Table 7 Correlation between total porosity and other properties of the RCs t7.13
t7.14 j (90 days , t 0 ) y = À 3E À 07z 2 + 0.0019z + 1.0833 .9347
t7.15 a x = total porosity in (%) MIP; z = pore threshold (nm).
t7.16 Fig. 9 . Total porosity versus tensile strength. 
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413 of the studied concretes, followed by the specific surface 414 area, r critical , the pore threshold radius and, lastly, r average .
415
As regards the types of lines of tendency used, the 416 physical properties follow the pattern of linear correlation 417 better than the mechanical properties, while the mechanical 418 properties fit quadratic-type equations better. This latter fact 419 may indicate that these equations could be improved if other 420 factors (in addition to total porosity) of similar importance 421 are taken into account, such as the increase in the interface 422 zones (which favors the formation and propagation of micro-423 cracks) and a major variation in the distribution of the pore 424 radius (especially in the zone of pore radius < 30 nm). In 425 both cases, the cause of these new factors to be considered in 426 RCs is the old mortar that adheres to the NA of which the 427 RCA is composed. 
431
. The replacement factor r of the RCs shows a correla-432 tion with total volume and pore size, its influence being 433 more important at lower ages and diminishing as the 434 concrete ages. This influence is attributed to the crystalliza-435 tion of new products that reduce both the number and size 436 of the pores.
437
. The most significant differences of the studied samples 438 are seen in two parameters: (1) the greater pore radius 439 threshold as the replacement of NA by RCA is increased; 440 and (2) the detection of zones of major quantitative changes 441 seen in the increase of the pore volume from pores with 442 radius < 30 nm.
443
. The effect of the r factor does not seem to influence the 444 r critical values, and therefore, this parameter may be used 445 only in cases in which determination of the variation of 446 structural components of the concrete that was used for the 447 RCA is desired, and whose probable cause of variation 448 would be the modification of the physical constants of the 449 concretes (W/C, type of cement, etc.).
450
. The results for specific surface area, together with total 451 porosity, are those which better describe and correlate the 452 results of the properties of the studied concrete. However, it 453 will be necessary to supplement this information with tests 454 of gas absorption, which would enable quantification of the 455 surface area in the micropore zone and thus be able to 456 better correlate these tests with other properties such as 457 shrinkage and creep; both are linked to the distribution and 458 quantity of micropores.
459
. Finally, correlation between the properties of the RC 460 and total porosity is difficult to determine. However, it 461 would be feasible to improve it if the distribution of the 462 pore radius was included. This distribution could be ascer-463 tained by classifying boundaries between different ranges of 464 pore size, taking as a classification criterion the effect of 465 size on the behavior of the property of the RC under study. 
599
[34] ASTM D 4404, Determination of pore volume and pore volume dis-600 tribution of soil and rock by mercury intrusion porosimetry.
